The aim of this study was to evaluate the predictive value of different donor and recipient parameters that have been recognised previously as proven and to suggest prognostic factors for immediate liver function and final outcome after liver transplantation. We evaluated a total of 228 liver grafts transplanted in the last 3 years in our institution. Parameters were recorded for the donor (age, polytransfusion, atherosclerosis, presence of infection, episodes of hypoxia or hypotension, use of vasoactive drugs, intensive care unit stay, steatosis, and ischemia time) and recipient (red blood cell requirements, immediate liver function [score], incidence of hepatic artery thrombosis, survival, and cause of death or retransplantation). Liver biopsy after reperfusion of the donor liver was performed before closure of the abdomen. Donor age over 65 years and presence of steatosis were associated significantly with initial poor function. The mortality rate at 6 months was related to donor age over 65 years. When donor age over 65 years was combined with transfusion requirement of > 10 U of red blood cells (RBC), the incidence of graft loss increased to 53%. The probability of graft survival at two years decreased when donor age was over 65 years. Moreover, when donor age over 65 years was combined with requirement of >10units RBC the probability of 2-year survival was significantly reduced. This study shows, T he increase in the number of liver transplant candidates has led to a dramatic rise in waiting list mortality. The increased demand for donor organs has resulted in changes in donor characteristics because of the expanded donor selection criteria; this increase was confirmed by a recent report by the Spanish National Organization for Transplantation (ONT). 1 Although in 1992 the mean age for an organ donor was 38 Ϯ 15 years, in 2000 mean age increased to 47 Ϯ 17 years. Moreover, the cause of brain death changed from 43% trauma in 1992 to 55% cerebral hemorrhage. 1 This critical shortage of organ donors is the reason that many transplant centers are accepting lifesaving organs from so-called marginal or suboptimal donors, who would not have been considered suitable for transplantation previously. 2,3 Abnormal liver function tests, long stay in the intensive care unit (ICU), hemodynamic instability (prolonged hypoxia or hypotension), old donor age (over 65), and steatosis are no longer absolute contraindications for organ retrieval. 2, 3 Although the outcome of liver transplantation does not seem to have been affected by the use of these donor organs, and real effect remains still to be determined. The current study analyzes several donor and recipient variables associated with liver transplantation, with particular emphasis on immediate graft function and graft survival.
T he increase in the number of liver transplant candidates has led to a dramatic rise in waiting list mortality. The increased demand for donor organs has resulted in changes in donor characteristics because of the expanded donor selection criteria; this increase was confirmed by a recent report by the Spanish National Organization for Transplantation (ONT). 1 Although in 1992 the mean age for an organ donor was 38 Ϯ 15 years, in 2000 mean age increased to 47 Ϯ 17 years. Moreover, the cause of brain death changed from 43% trauma in 1992 to 55% cerebral hemorrhage. 1 This critical shortage of organ donors is the reason that many transplant centers are accepting lifesaving organs from so-called marginal or suboptimal donors, who would not have been considered suitable for transplantation previously. 2, 3 Abnormal liver function tests, long stay in the intensive care unit (ICU), hemodynamic instability (prolonged hypoxia or hypotension), old donor age (over 65), and steatosis are no longer absolute contraindications for organ retrieval. 2, 3 Although the outcome of liver transplantation does not seem to have been affected by the use of these donor organs, and real effect remains still to be determined. The current study analyzes several donor and recipient variables associated with liver transplantation, with particular emphasis on immediate graft function and graft survival.
Patients and Methods
From January, 1997 to December, 1999, 228 consecutive orthotopic liver transplantations (OLTs) were performed in 215 adult patients. Using previously described techniques for multiorgan procurement, 4,5 all donor livers were preserved with University of Wisconsin (UW) solution. In the recipient, liver transplantation was performed using the vena cava-sparing technique (piggyback technique). [6] [7] [8] All recipients received similar perioperative intensive care management. Postoperative immunosuppression regimen consisted of intravenous cyclosporine A, with daily adjustments according to the serum (trough) levels and intravenous methylprednisolone, which was tapered from 200 to 20 mg/d during the first postoperative days. Biopsy-proven rejection episodes were treated by 500 mg of methylprednisolone (bolus) per day during 3 days. 9 One hundred eighty-six patients had nonbiliary cirrhosis, 15 cholestatic disease, 14 acute liver failure, and 13 patients were retransplanted for chronic rejection or recurrence of the disease. A total of 228 liver grafts were evaluated.
Donor Variables
The following donor parameters were evaluated: age, obesity (body mass index [BMI] [weight in kg/(height in m) 2 ] Ͼ 35), alcoholism (defined as 80 g/d by family history), uncontrolled arterial hypertension, polytransfusion (Ͼ 4 U red blood cells [RBC] ), atherosclerosis (significant calcifications in the aorta), presence of infection (abnormal chest radiograph, fever, or both), prolonged hypoxia or hypotension (Ͼ 15 minutes), the use of vasoactive drugs, ICU stay, and total ischemia time. Ninety grafts were further evaluated by liver biopsy, taken after reperfusion of the donor liver. In addition, the following histologic parameters were studied: fatty infiltration (macro-and micro-), mild cholestasis, hepatocyte necrosis, hydropic degeneration, and centrilobular necrosis. 10 
Recipient Variables
Recipient variables included age, sex, diagnosis, perioperative RBC requirements, immediate liver function (score), 9 the incidence of hepatic artery thrombosis, graft survival, and cause of death or retransplantation. Initial poor function (IPF) was defined as alanine aminotransferase (ALT) Ͼ 2,500 UI, prothrombin activity Ͻ 60%, and bile output Ͻ 40 mL/d on the third postoperative day. 9 Statistical analysis was evaluated using the analysis of variance (factorial) and the contingency table (chi-square), with significance being considered as P Ͻ .05. The results were expressed in mean values with standard error, or median value and range. The graft survival rates were calculated using the Kaplan-Meier method and compared by the log-rank and Breslow tests.
Results
Donor characteristics are shown in Table 1 . It is important to note than 25% (58 of 228) of the donors were over 65 years of age, with 38 being over 70 years (65%) and 6 donors over 80 years. Usually, vasoactive drugs were used to maintain hemodynamic stability of the potential donor. Whereas almost all donors received dopamine, more than half of the donors (121 of 228) received two vasoactive drugs (dopamine and dobutamine), and in 26% (31 of 121) three drugs were used. Twenty-five percent of the donors (57 of 228) stayed in the ICU longer than 5 days. Postreperfusion biopsy showed macrovesicular steatosis in 34% (31 of 90), with severity varying from Ͻ 33% fat in 76% of the grafts (24 of 31), between 33% and 66% in 6, to over 66% in 1 case.
The mean total ischemia time was of 321 minutes (median, 290 minutes; range, 130 to 990 minutes). Only 32 (14%) grafts had an ischemia time over 8 hours, but 9 of these 32 grafts were procured from donors older than 65 years. Perioperative RBC requirements were 6 Ϯ 5 U, (median, 5 U; range, 0 to 30 U). Furthermore, 10% (23 of 228) of our patients required more than 10 RBC U.
Immediate Liver Function
Grafts were divided into two different groups according to the liver function score 9 : good liver function [3] [4] [5] and initial poor liver function [6] [7] [8] [9] (Table 2) . IPF was present in 67 cases (29%). Donor age over 65 years was significantly associated with IPF (P ϭ .04). However, no significant difference was found with respect to ICU stay, the need for vasoactive drugs, the presence of infection, and the presence of episodes of hypoxia or hypotension. Importantly, the presence of steatosis in the graft was significantly associated with IPF. Finally, the presence of more than three different risk factors showed a trend towards IPF (P ϭ .06). The association of any of the donor risk factors with transfusion requirement of Ͼ 10 RBC U did not increase the incidence of IPF.
Survival at 6 Months
Of the 228 patients, 35 patients died, 8 underwent retransplantation, and 43 patients were lost during the follow-up. Graft survival was significantly related to donor age over 65 years (P ϭ .01). None of the other risk factors were associated with increased graft loss. (Table 3) .
In 205 patients with at least one risk factor, graft loss was found to be 16% (30 of 187). However, when this was combined with the perioperative requirement of Ͼ10 U of RBC, the incidence of graft loss increased to 39% (7 of 18) (P ϭ .02). Furthermore, if donor age of Ͼ65 years was combined with the requirement of Ͼ 10 U RBC, the incidence of graft loss increased to 53%. Because the donor liver experienced a prolonged total ischemia time (over 8 hours) in only 32 patients, the combination of any donor risk factor with prolonged 
total ischemia time did not influence 6-month graft survival.
Probability of Survival
The overall probability of 2-year graft survival was 85%. However, in patients who received a graft from a donor who was older than 65 years, the probability of survival decreased to 70% (P ϭ .01). All other donor risk factors, by themselves, were not related to diminished 2-year graft survival (Fig. 1) . However, when donor age over 65 years was combined with a transfusion requirement of Ͼ 10 U RBC, the probability of 2-year graft survival was found to be reduced to 48% (P ϭ .04; Fig. 2 ).
Discussion
Despite the apparently worsening quality of donor livers, the results of liver transplantation, according to recent literature, 11 have remained unchanged or are even getting better. During recent years, a significant improvement in outcome has been seen because of better surgical management and better immunosuppression regimens. In our institution, the overall graft survival rate after liver transplantation is 85% at 1 year and 72 % at 5 years, which is similar to that of the European Liver Transplant Registry (ELTR), which is 79% at 1 year and 69% at 5 years. Therefore, it appears that expansion of donor criteria, triggered by organ shortage, has not affected the final outcome of this procedure. 11 Nevertheless, it can be expected that the use of these so-called marginal grafts may have an effect on patient survival rate. Many investigators have identified factors that may affect immediate outcome, such as steatosis, hypernatremia, long cold ischemia time, donor age, abnormal liver function tests, and so on. 2,9,13-15 However, whereas some have shown that these factors have NOTE. Immediate function score is based on peak alanine aminotransferase (units per liter) levels, prothrombin activity, (percent), and bile output (milliliters per day) evaluated during the first 3 days as good liver function (score, 3 to 5) or poor liver function (score, 6 to 9) in Gonzalez et al. 9 Abbreviation: NS, not significant. *Infection in donor confirmed by microbiology laboratory. †During ICU stay. 15, 16 Conversely, the results of the ELTR clearly show that donor age over 65 years affects 1-and 5-year graft survival rate (73% and 55%, respectively). According to the last report of the ELTR, the incidence of primary nonfunction or severe graft dysfunction has remained the same during recent years. 12 In summary, although some medical aspects in the donor may affect immediate and long-term survival rate, the use of such grafts does not seem to have influenced the overall results. The ideal donor can be described as 50 years old or younger; without hepatobiliary disease; with hemodynamic and respiratory stability (systolic blood pressure Ͼ 100 mm Hg and central venous pressure Ͼ 5 cm H 2 O); with acceptable PaO 2 and hemoglobin level; without severe abdominal trauma, systemic infection, or cancer; with diuresis Ͼ 50 mL/hr and normal creatinine; and, lastly, with dopamine requirement Ͻ 10 g/kg/min. 2 However, this ideal donor is far from the norm, and most often the potential donor is older than 50 years (51.7%), is hemodynamically unstable (54.3%), and has been treated in the ICU for of least 5 days (21%).
Also, features of the donor liver itself may be predictive for poor immediate function. The presence of steatosis always has been shown to affect immediate liver function and graft survival. 10, 18 Although not all donors were evaluated for hepatic steatosis, it was found to be relatively infrequent and usually of low to moderate degree. Despite this fact, the presence of steatosis was significantly associated with a worse outcome. 14 Our study confirms previously published results showing that age and liver steatosis significantly affect immediate liver function as well as graft survival at 6 months and probability of survival. Inotropic support and prolonged hypotension appeared not to have a significant effect on early graft function. 19 Furthermore, prolonged hypotension and the use of high doses of dopamine did not increase graft loss at 3 months, 20 which is similar to what we found in this study.
Prolonged ICU stay does not appear to correlate with graft loss; however, intensive hemodynamic and nutritional management may improve the quality of the donor liver. In our study, the length of ICU stay was not found to influence early liver function and graft sur- vival. Finally, until recently, the presence of infection was considered to be an exclusion factor for donor acceptance. 21 However, we did not find any relation between graft loss and the presence of infection in the donor.
Nonetheless, do other factors, apart from those involving the donor, affect patient survival? We believe so, because we showed, for the first time, that the use of marginal quality grafts for surgically challenging recipients results in a significantly worse prognosis in terms of immediate liver function and long-term graft survival. This is shown by the fact that the use of liver grafts from donors older than 65 years in recipients requiring more than 10 U RBC resulted in a significantly worse outcome than similar grafts in recipients that needed fewer blood transfusions during the transplant procedure. It is even more interesting to note that, as long as the recipient did not have a significant blood product requirement, graft survival was the same, regardless of whether the liver originated from donors younger or older than 65 years. This fact is very important because it is our policy that, when a donor liver becomes available, it should be given to the first recipient on the waiting list. However, surgically challenging recipients (those undergoing retransplantation, those with severe portal hypertension, and so on) should not receive a marginal quality liver because the probability of survival will be significantly lower.
